Abstract New complexes with formulae: Ln(4-bpy)(CBr 2-HCOO) 3 Á3H 2 O (where Ln(III) = Gd, Tb, Dy) and Er(4-bpy) 1.5 (CBr 2 HCOO) 3 Á3H 2 O, were prepared and characterized by chemical, elemental analysis and IR spectroscopy. The nature of metal-ligand coordination was studied. All of them are crystalline. Gd(III), Tb(III) and Dy(III) complexes are isostructural in one group. Conductivity studies (in methanol, dimethyloformamide and dimethylsulfoxide) were also discussed. The thermal properties of complexes in the solid state were studied using TG-DTG techniques under dynamic flowing air atmosphere. TG-MS system was used for Tb(III) (as an example of isostructural compound) and Er (III) complexes to analyze principal volatile thermal decomposition and fragmentation products evolved during pyrolysis in dynamic flowing air atmosphere.
Introduction
Lanthanide compounds including N and O donors, as bipyridine isomers and carboxylate groups, are still the subject of current research. Based on the trend of lanthanides to create high coordination numbers and possibility of different coordination of selected organic ligands, it may be stated that such complexes can create a new class of compounds with potentially different functions and application. The mixed halogeno-bipyridine complexes of lanthanide(III) have been the subject of investigation for several years. The nature of bonds between Ln(III) ions and halogenoacetate ligand and bipyridine isomers is discussed in several papers [1] [2] [3] [4] [5] . These mixed ligand complexes are of interest because of possibility of various ways of coordination bipyridine and halogenoacetate ligands. These ligands are able to exist as mono-and multidentate donors in metal complexes [1] [2] [3] [4] [5] . In the literature [1, 2] , there are described compounds, where there is only one type of coordination of carboxylate ligands. The papers [3] [4] [5] [6] [7] [8] [9] [10] are examples to occur different possibilities of binding COO groups in one compound.
It is interesting to compare the properties of the mixed ligand lanthanide(III) complexes with 4,4 0 -bipyridine and chloro-or bromoacetates. These researches are recently undertaken in our laboratory.
Previously, the synthesis and characterization of lanthanide(III) complexes (where Ln(III) = Y, La ? Lu without Pm(III)) with 4,4 0 -bipyridine and di-or trichloroacetates were reported [6] [7] [8] [9] [10] [11] [12] [13] [14] . This paper presents the results of new lanthanide complexes with title ligands. It is a continuation of our study on preparation, type of coordination organic ligands and thermal behavior of Y(4-bpy) 1 The mixed ligand complexes were synthesized in the same way as we described in [15] . The contents of metal(III) ions in obtained solutions were mineralized and determined by EDTA titration.
The carbon, hydrogen and nitrogen contents in the prepared complexes were determined by a Carlo-Erba analyzer with V 2 O 5 as an oxidizing agent.
Methods and instruments
The X-ray powder diffraction patterns of synthesized complexes and final solid decomposition products in air were recorded on D-5000 diffractometer using Ni-filtered CuK a radiation. The measurements were taken in the range of 2h angles 2°-80°. Obtained results were analyzed using the Powder Diffraction File [16] . Molar conductance was measured on a conductivity meter of the OK-102/1 type equipped with an OK-902 electrode at 25 ± 0.5°C, using 1 9 10 -3 mol dm -3 solutions of complexes in methanol, dimethylformamide and dimethylsulfoxide. IR spectra were recorded with a NICOLET 6700 Spectrometer (4000-400 cm -1 with accuracy of recording 1 cm -1 ) using KBr pellets. The thermal properties of complexes in air were studied by TG-DTG techniques in the range of temperature 25-1000°C at a heating rate of 10°C min -1 ; TG and DTG curves were recorded on Netzsch TG 209 apparatus in flowing dynamic air atmosphere v = 20 cm 3 min -1 using ceramic crucibles. The solid intermediate products of pyrolysis in air were determined from TG and DTG curves and confirmed by recording the IR spectra of sinters (prepared during heating the sample of complex up to appropriate temperature defined from the TG or DTG curves). The IR spectra of sinters were analyzed in the region characteristic for 4 Table 1 presents results of the elemental and chemical analysis of investigated compounds. They are stable in air in solid state. The analysis of the power diffraction patterns of these compounds reveals that they are crystalline. Gd(III), Tb(III) and Dy(III) complexes are isostructural in one group (Fig. 1) . The Er(III) compound is not isostructural with them. There are no powder diffraction patterns of reported complexes in Powder Diffraction File [16] . There were isolated monocrystals of Dy(III) compound, but they have very poor quality (not suitable data for publication). Also in Table 1 , there are molar conductivity values for all complexes in solutions of MeOH, DMF and DMSO. All complexes in MeOH and DMF display behaviors intermediate between those of nonelectrolytes and 1:1 electrolytes. In DMSO they are electrolyte type 1:1 [17] . In series of light lanthanide complexes (Ce(III) ? Eu(III)) with 4-bpy and dibromoacetates, the molar conductivities in solutions MeOH, DMF and DMSO have similar values. Relative not high molar conductance in MeOH and DMF is characteristic for all complexes compared. The conductivity data suggest that dibromoacetate ligands in obtained compounds are only partially displaced by solvent molecules [18, 19] .
Results and discussion

IR spectra
In Tables 2 and 3 , there are absorption bands in the region characteristic for dibromoacetates and 4-bpy. These spectra are very similar. For all compounds, the m as (COO) [22] [23] [24] . For Er(III) compound, probably bridging non-completely equivalent bonds between Er(III) and carboxylate groups exists [25] . In the absorption region of CBr 2 HCOONa appear also the stretching modes m s (CBr 2 ) and d(CCOO). They are in complexes observed in the ranges: 700-720 cm -1 and between 1145 and 1140 cm -1 , respectively. The absorption bands of m(CH) are in the sodium salt at 3015 and 1191 cm -1 ; in the complexes, they are in the ranges: 3022-2986 and 1181-1186 cm -1 . In the IR spectra of complexes, there are also vibrations of 4-bpy. They are given in Table 3 . The observations were made for 4-bpy absorption in the region 4000-600 cm -1 . The characteristic band attributed to m(CC), m(CN), m(CC ir ) vibrations (symmetry A 1 ) in pure 4-bpy is at 1588 cm -1 , but in complexes, it is in the range 1615-1599 cm -1 . The band in the free ligand at 1530 cm -1 assigned to m(CC), m(CC) vibrations (symmetry B 1 ) in the IR spectra of complexes, is slightly shifted to higher frequency. The band characteristic for ''breathing'' mode is moved to higher wave numbers (1003-1000 cm -1 ) in comparison with free ligand (988 cm -1 ). Most of aromatic ring deformation bands in plane c(CH) and out plane b(CH) shift to lower and higher frequency after coordination with metal ion [21] .
In addition, a broad band in the water stretching region (ca 3450-3350 cm -1 ) appears for all complexes described.
Thermal decomposition in air
The TG-DTG methods were used to describe thermal decomposition in air of synthesized complexes. First step of pyrolysis is dehydration. After that, partial decomposition and next total decomposition of organic ligands take place. Most processes are poorly separated from each other. In several intermediate solid products, presence of bromide, carboxylate group and bipyridine was identified. As a final, Er(III) complex is stable up to 50°C. Dehydration process occurs in two steps. Above 50°C, one and half water molecules are lost (50-80°C). The second step takes place between 80 and 145°C. It is connected with leaving the remaining water. On DTG curve, there are peaks at 65°a nd 125°with shoulder at 150°C. With increasing temperature is partial and total destroying of organic ligands probably via Er(4-bpy) 1.5 (CBr 2 HCOO) 0.5 ÁBr 2.5 . Above 775°C, pure Er 2 O 3 appears.
TG-MS study for Tb(III) and Er(III) complexes in air
Moreover, TG-MS system was used to analyze the principal volatile products evolved during thermal decomposition and fragmentation in dynamic air atmosphere. TG-MS study was made only for terbium(III) (as a representative of isostructural compounds) and erbium(III) complexes. The detection of volatile species and fragmentation 
